After the introduction of acute normovolaemic haemodilution (NVHD) in our hospital, we prospectively studied 19 patients managed with moderate NVHD (mean haematocrit 0.28, SD 0.02) during idiopathic scoliosis surgery (mean angle 53.2, SD 16.7 degrees) with the Cotrel-Dubousset instrumentation (CDI). Our standard scoliosis anaesthetic technique was used. Intraoperatively, one patient received one unit of homologous blood. Postoperatively, seven patients received ten units of homologous blood. Homologous blood used was reduced by about 83% for this procedure in our institution. In the assessment of fluid and blood requirements we found physical signs reflecting tissue per fusion and oxygen supply more reliable than the estimated blood loss using the suction bottle and swabs. The similar postoperative complications (nine fever, five atelectasis/pneumonia, one urinary infection, one phlebitis), anaesthetic duration (mean 5.21, SD J.l3) hours, hospitalisation (mean 6.67, SD 1.19) days and return to normal activity (mean 8, SD 7.68) weeks indicate that the NVHD patients did just as well as with our previous regimen when only homologous blood was used.
The perioperative fluid management of patients undergoing Cotrel-Dubousset Instrumentation (CDI) for the correction of scoliosis is characterised by a continual oozing of blood, often extending into the postoperative period. This can be explained by extensive muscle dissection, bone grafting and vertebral decortication causing bleeding which is difficult to control by surgical technique. Commonly, these patients require an intraoperative and postoperative blood transfusion. Acute normovolaemic haemodilution (NVHD), an autologous blood transfusion technique, I which has recently been highlighted by the acquired immunodeficiency syndrome (AIDS) epidemic, 2, 3 has been shown to reduce the use of homologous blood intraoperatively during spine surgery. 4.5 We present our experience with NVHD in 19 consecutive patients undergoing surgery with the CDI for the correction of idiopathic scoliosis.
MATERIALS AND METHODS
Nineteen consecutive ASA I to 2 patients managed with NVHD were studied prospectively. Seven were anaesthetised with a nitrous oxide/opiate/relaxant technique and in twelve a volatile agent was added. In seven patients sodium nitroprusside was used to maintain blood pressures within normal limits. Intraoperative monitoring included intra-arterial blood pressure, ECG, somatosensory evoked potentials, urine output, pulse oximetry, capnography, oesophageal stethoscope and temperature. Two 18-gauge peripheral lines were inserted and the urinary bladder catheterised. No central lines were inserted.
After induction of anaesthesia, and prior to placing in the prone position, the patients were bled to a haematocrit of about 28070 using standard blood collection sets containing citrate-phosphate-dextrose with adenine (CPDA-I; Travenol Laboratories Ltd, Ashdod, Israel). Blood volume was maintained with lactated Ringer's solution infused in quantities sufficient to maintain the arterial pressure and pulse rate unchanged. All the collected autologous blood was kept at room temperature in the operating room and reinfused during surgery as deemed necessary. Any remaining autologous blood was rein fused after skin closure. Intraoperative blood and fluid requirements were estimated clinically by observing arterial pressure, pulse rate, urine output, haematocrits, blood gases, acid-base status, operative field, suction bottles and swabs. Postoperative transfusions of homologous blood were given only if the haematocrit fell to less than 27-30070.
Perioperative blood counts, prothrombin time, partial thromboplastin time, blood glucose, serum urea, serum electrolytes, urine output, change in arterial pressure and pulse rate were measured. The preoperative serum total proteins and albumin were measured and compared with the first postoperative day values (paired t-test). Postoperative recuperation was assessed by analysing complications, length of hospital stay and time taken to return to normal activities.
RESULTS
The demographic, surgical and pathological data are shown in Table I . In four patients the mean arterial pressure decreased more than 10070 and in three the heart rate increased more than 20 beats per minute. Intraoperative somatosensory evoked potentials were without change. Table 2 shows the mean (SO) preoperative, intraoperative and discharge-from-hospital haematocrits, estimated blood loss, urine output, intraoperative volume of crystalloids infused, number of homologous blood units transfused, anaesthetic, hospitalisation and return-to-normal-activity times. Eight patients (42.1 070) were transfused with 11 units of homologous blood; intraoperatively, one patient received one unit and, postoperatively, seven received ten units. Table 3 demonstrates the intraoperative and postoperative number of homologous blood units transfused per patient. Of all the biochemical and haematological parameters analysed, only the serum total proteins and albumin decreased on the first postoperative day when compared to the preoperative values; the mean (SO) serum total protein (g/I) 71.8 (5.2) to 51 (5.2), mean (SO) serum albumin (g/I) 44.5 (3.6) to 31.1 (3.2). Nine patients had a fever, five had atelectasis/pneumonia, one had a urinary infection and one phlebitis. During the postoperative period, prior to the introduction of NVHD, all our patients undergoing CDI for the correction of scoliosis were transfused with an average of 1.52 units of homologous blood per patient (unpublished data). In the 19 NVHD patients studied only seven required an average of 0.53 units of homologous blood per patient postoperatively (Table  3 ). We postulate that NVHD patients can bleed more before the trigger for a homologous blood transfusion is reached (haematocrit 27-300/0) because the routine autologous blood reinfusion, immediately after surgery, results in a higher postoperative haematocrit. Alternatively, NVHD may reduce postoperative bleeding. Milam et al. report decreased postoperative bleeding in polycythaemic children treated with NVHD during cardiac surgery for the correction of cyanotic heart disease. 8 They suggested that normovolaemic haemodilution, by improving blood flow in the microcirculation, prevents postoperative coagulopathies and subsequent bleeding. In contrast, the 19 patients we studied had normal preoperative haematocrits. Another explanation of the decreased postoperative bleeding during NVHD could be both the transfusion of fresh autologous blood, rich in clotting factors and platelets, together with an improved microcirculation which occurs during normovolaemic haemodilution. 91l During scoliosis surgery normovolaemia must be maintained with sufficient fluids in order to prevent acute renal failure. 12 NVHD patients need larger amounts of crystalloids than patients managed with homologous blood. In the assessment of the fluid and blood requirements we found signs reflecting the effects of hypovolaemia and deranged tissue oxygen supply, i.e. blood pressure, pulse, urine output, haematocrit, blood gas and acid-base balance were more helpful than the estimated blood loss as measured by the operative field, suction bottle and swabs. An increased urine output, caused by the larger crystalloid infusion, should be anticipated in NVHD patients while assessing fluid requirements and renal function.
The 19 NVHD patients had perioperative courses similar to those in whom our previous technique was used, when homologous blood only was administered. An interesting incidental observation was the decrease in serum plasma proteins and albumin, noted on the first postoperative day, which also occurred in our patients managed with homologous blood only. This would indicate that the fall in serum albumin and total proteins is caused not only by the haemodilution but also by the stress of this major procedure. 4.13 We conclude that NVHD is a safe, simple and efficient autologous blood transfusion technique when used during scoliosis surgery with the CD instrumentation. We found that not only is the use of homologous blood decreased intraoperatively, but also postoperatively. The reasons for this observation remain to be determined.
